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(57) ABSTRACT 

Provided are a method, System, program and memory device 
for providing information on components within a network. 
Provided is a grouping indicating interconnected compo 
nents and component objects representing the intercon 
nected components, wherein at least one component object 
represents a composite component including at least one 
contained component, wherein each contained component is 
represented by one component object, wherein relationship 
information indicates a relationship between each compo 
nent object representing one composite component and the 
component objects representing contained components 
included in the composite component. Further provided are 
connection objects indicating connections between compo 
nents represented by component objects. The component 
objects, the relationship information, and the connection 
objects are processed to generate output information indi 
cating an arrangement of at least one component within the 
network. 
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METHOD, SYSTEM, AND PROGRAM FOR 
PROVIDING INFORMATION ON COMPONENTS 

WITHIN A NETWORK 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a method, system, 
and program for providing information on components 
within a network. 

0003 2. Description of the Related Art 
0004 Astorage area network (SAN) comprises a network 
linking one or more Servers to one or more Storage Systems. 
Each Storage System could comprise a Redundant Array of 
Independent Disks (RAID) array, tape backup, tape library, 
CD-ROM library, or JBOD (Just a Bunch of Disks) com 
ponents. One common protocol for enabling communication 
among the various SAN devices is the Fibre Channel 
protocol, which uses optical fibers or copper wires to con 
nect devices and provide high bandwidth communication 
between the devices. The Fibre Channel protocol defines a 
fabric topology. A fabric includes one or more intercon 
nected Switches, each Switch having multiple ports. A fiber 
link may connect ports on a device to ports on a Switch, 
where a device connected to a Switch in a fabric can 
communicate with all other ports attached to any Switch in 
the fabric. 

0005. During SAN operations, information on various 
devices in one or more fabrics in a SAN may be gathered. 
The information may concern devices from different ven 
dors. There is a need in the art for improved techniques for 
managing information gathered on the different components 
in a SAN and making such information available to the SAN 
administrator and others in a normalized format. 

SUMMARY OF THE DESCRIBED 
IMPLEMENTATIONS 

0006 Provided are a method, system, program and 
memory device for providing information on components 
within a network. Provided is a grouping indicating inter 
connected components and component objects representing 
the interconnected components, wherein at least one com 
ponent object represents a composite component including 
at least one contained component, wherein each contained 
component is represented by one component object, wherein 
relationship information indicates a relationship between 
each component object representing one composite compo 
nent and the component objects representing contained 
components included in the composite component. Further 
provided are connection objects indicating connections 
between components represented by component objects. 
The component objects, the relationship information, and 
the connection objects are processed to generate output 
information indicating an arrangement of at least one com 
ponent within the network. 
0007 Further provided is a grouping object representing 
the grouping, wherein the grouping object is associated with 
the component objects representing the interconnected com 
ponents. 

0008 Still further provided are a plurality of grouping 
objects for a plurality of groupings, wherein each grouping 

Feb. 5, 2004 

indicates interconnected components Such that there is no 
connection between components in different groupings, and 
wherein the grouping object for each grouping is associated 
with the component objects representing the interconnected 
components in the grouping. 
0009. Yet further, the grouping may represent a fabric 
comprised of at least one Switch interconnecting host Sys 
tems and Storage Systems, wherein one component object is 
provided for each Switch, host System, and Storage System in 
the fabric. 

0010. In still further implementations, at least one Zone 
object is provided for each Zone in the grouping of inter 
connected components, wherein each Zone object references 
component objects representing components within the 
ZOC. 

0011. Described implementations provide interconnected 
objects that maintain information on components in a net 
work that may be processed to access information on 
network components and their interrelationship. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 Referring now to the drawings in which like ref 
erence numbers represent corresponding parts throughout: 
0013 FIG. 1 illustrates an arrangement of network com 
ponents in a manner known in the art; 
0014 FIG. 2 illustrates program components in a net 
work management application in accordance with imple 
mentations of the invention; 
0015 FIG. 3 illustrates a topology of objects providing 
information on network components in accordance with 
implementations of the invention; 
0016 FIGS. 4, 5, 6, 7, and 8 illustrate contents of data 
Structures providing information on network components in 
accordance with implementations of the invention; 
0017 FIG. 9 illustrates data structures used to generate 
topology objects in accordance with implementations of the 
invention; 

0.018 FIGS. 10, 11, 12, 13, 14, 15, 16, and 17 illustrate 
operations performed to generate the topology of objects 
shown in FIG. 3 in accordance with implementations of the 
invention; 
0019 FIG. 18 illustrates an example of output generated 
from information maintained in the objects providing infor 
mation on network components in accordance with imple 
mentations of the invention; and 
0020 FIG. 19 illustrates operations performed to process 
the objects providing information on network components to 
generate the output shown in FIG. 17 in accordance with 
implementations of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0021. In the following description, reference is made to 
the accompanying drawings which form a part hereof and 
which illustrate several embodiments of the present inven 
tion. It is understood that other embodiments may be utilized 
and Structural and operational changes may be made without 
departing from the Scope of the present invention. 
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0022 FIG. 1 illustrates an example of a network 2, such 
as a SAN, comprised of multiple fabrics 4a, 4b, 4c, where 
each fabric includes multiple interconnected devices, also 
referred to as components, Such that the Switches in one 
fabric do not connect to any of the devices in another fabric. 
As shown in fabric 4a, a fabric includes hosts 6a, 6b, 6c, 
Switches 8a, 8b, and storages 10a, 10b, 10c, where each 
device in the fabric is connected to one or more other 
devices in the fabric. The hosts 6a, 6b, 6c, Switches 8a, 8b, 
and storages 10a, 10b, 10c would further each include one 
or more ports (not shown) to provide one or more connec 
tions with another component. The hosts 6a, 6b, 6c include 
host bus adaptor (HBA) cards (not shown) that include the 
host ports to connect to Switch ports. Further Switch 8a, 8b 
ports may be included in Zones, Such that any device 
attached to a Switch port in one particular Zone can only 
communicate with devices attached to Switch ports in the 
Same Zone. Still further, a host may include multiple ports 
and have different ports connected to different Switches, 
where the Switches are not in any way interconnected. In 
Such an arrangement, the host connected to Such Switches 
that are not connected is connected to different fabrics. The 
Switches 8a, 8b may be connected via an interswitch link, 
Such as shown in FIG. 1, or not connected. 
0023 The hosts 6a, 6b, 6c may comprise any computing 
device known in the art, Such as a Server class machine, 
WorkStation, Storage host, host cluster, etc., having adaptor 
cards with ports to connect to one Switch port in Switches 8a, 
8b. The Switches 8a, 8b may each include multiple Switch 
ports to interconnect different devices in a fabric, wherein 
the devices may be connected in a network, Such as a SAN, 
Local Area Network (LAN), Wide Area Network (WAN), 
etc. The storages 10a, 10b, 10c may comprise any storage 
System known in the art which has compatible ports, Such as 
a storage array, e.g., a Storage Subsystem, a Subsystem 
cluster, Just a Bunch of Disks (JBOD), Redundant Array of 
Independent Disks (RAID), Direct Access Storage Device 
(DASD), etc., tape drive, tape library, disk drive, optical disk 
drive, etc. The ports within the hosts 6a, 6b, 6c and storages 
10a, 10b, 10c may comprise NXPorts, or any other ports 
known in the art. The network 2 or SAN may further include 
direct attached storage (DAS) devices that connect directly 
to another host or device other than a Switch and orphan 
devices not connected to any other component. 
0024 FIG. 2 illustrates a SAN management system 30 
used by a network administrator, where the system 30 may 
be coupled to the SAN 2 or implemented in a SAN com 
ponent. The SAN management system 30 includes a dis 
covery tool 32 program that mines device information from 
the SAN 2 and populates a device database 34 with the 
mined information that Stores information on each of the 
components of the SAN2, where a component comprises a 
logical or physical device, e.g., hosts 6a, 6b, 6c, Switches 8a, 
8b, storages 10a, 10b, 10c, adaptors with the devices, ports, 
logical Storage, Zones, fabrics, etc. In certain implementa 
tions, the device database 34 may comprise a SAN domain 
model device information database. Thus, each component 
discovered by the discovery tool 32 may contain additional 
discovered components. For instance a discovered host 6a, 
6b, 6c may include a discovered host bus adaptor (HBA), 
and the discovered HBA may include discovered ports; a 
discovered Zone component may include device components 
and Subcomponents, a discovered fabric may include numer 
ous discoverable devices and Subcomponents thereof. The 
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discovery tool 32 may comprise multiple programs, tools or 
Application Programming Interfaces (APIs) provided by 
different device vendors whose devices are included in the 
SAN 2. Alternatively, the discovery tool 32 may access 
information from devices implementing the Common Infor 
mation Model (CIM) protocol to exchange device informa 
tion. However, those skilled in the art will appreciate that 
any device management interface may be used to access 
device information from the SAN components. The device 
database 34 stores the discovered device data. 

0025 A topology engine program 36 includes program 
components 38, 42, and 46 to process the device information 
in the device database 34. The topology engine 36 includes 
a node mapper 38 program that transforms the data in the 
device database 34, that may be gathered by discovery tools 
from different vendors, into a plurality of raw nodes 40 in a 
common format, where each raw node maintains various 
device information. A graph engine 42 program processes 
the raw nodes 40 and generates a graph topology 44 includ 
ing graph nodes providing interrelated data Structures that 
Store the device information. A graph interface 46 provides 
methods, Such as program functions and/or graphical user 
interface (GUI) controls, to allow a user to traverse the graph 
topology 44 to access information on the connection and 
arrangement of devices in the SAN 2 and render graphical 
representations of the SAN components and their physical 
and logical interrelationship. In alternative implementations, 
the program components 38, 42, and 46 of the topology 
engine 36 may comprise Separate applications, or Some of 
the components 38, 42, and 46 may be external to the 
topology engine 36. 
0026 FIG. 3 illustrates one implementation of the graph 
topology 44 data model in accordance with implementations 
of the invention. A SAN object 100 provides information on 
the SAN 2 and references one or more fabric objects 102a 
... 102n, where n is the number of discovered fabrics 4a, 
4b, 4c (FIG. 1) in the SAN. Any variable used herein to 
represent a number of unknown Value, e.g., m, n, p, k, q, r, 
etc., represents any integer value, and where the variables 
may represent the same or different integer values. Each 
fabric 102a ... 102n would include a reference to one graph 
object 104 and one or more Zone objects 110a . . . 110n for 
each Zone in the fabric 4a, 4b, 4c represented by the fabric 
object 102a ... 102. If there are no zones in the fabric, then 
the fabric object 102a . . . 102n for such fabric would not 
reference any Zone objects. Each graph object 104 refer 
ences a plurality of graph nodes 106a ... 106n, where there 
is one graph node for each discovered component in the 
fabric 4a, 4b, 4c represented by the fabric object 102a . . . 
102n including graph object 104. AS discussed, a graph node 
106a ... 106n may be provided for each component in the 
fabric, e.g., host 6a, 6b, 6c, Switch 8a, 8b, storage 10a, 10b, 
10c and Separately addressable Subcomponents thereof, Such 
as ports. Each node 106a . . . 106n that represents a SAN 
component that physically connects to another SAN com 
ponent would reference one or more input edge objects 
108a, 108m and one or more output edge objects 108b, 108n 
providing information on a physical connection through 
which data flows into the SAN component and a connection 
through which data flows out of the SAN component, 
respectively. Each edge object 108a . . . 108n provides 
information on a connection between two SAN components 
and the direction of data flow therebetween, which may 
indicate that data flows only one way or bi-directionally. For 
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instance, an edge object 108a . . . 108n may provide 
information on a connection between two ports represented 
by graph nodes. Each Zone object 110a . . . 110n may 
reference graph nodes 106a ... 106n, shown as graph nodes 
106i... 106m and 106n ... 106p that represent Switch ports 
in the Zone represented by the Zone object 110a . . . 110n. 
0027. The topology of FIG. 3 further includes a Direct 
Access Storage (DAS) graph object 112 associated with the 
SAN object 100. The DAS graph object 112 references 
graph nodes 114a . . . 114n that represent directly attached 
components, such as hosts, host bus adaptors (HBAS), 
devices, and the ports within the devices that connect to 
other direct attached devices. The DAS ports are not within 
a fabric. However, a device that has a DAS port connected 
to a storage device that is not within a fabric may have an 
additional port connected to a Switch port within a fabric. 
The Storage device including the port attached to the com 
ponent represented by graph nodes 114a . . . 114n may or 
may not be within a fabric. The DAS nodes 114a . . . 114n 
would reference input and output edge objects (not shown) 
providing information on the physical connection between 
DAS components. 

0028. In the above graph topology shown in FIG. 3, each 
of the objects may be accessible using the graph interface 
46, Such that information on the connection of the devices 
can be accessed by accessing the objects in the topology 
shown in FIG. 3. Further, upon accessing any object in the 
topology, any of the related objects referenced by Such 
accessed object may be accessed through Such references to 
access information on the related item. For instance, upon 
using the graph interface 46 to acceSS information on a 
particular fabric 4a, 4b, 4c from the corresponding fabric 
object 102a ... 102n, the physical graph object 104 for the 
accessed fabric object 102a may be accessed to determine 
information on the components in the fabric represented by 
the graph nodes 106a ... 106n referenced by the physical 
graph object 104. Information on the connection between 
the nodes 106a . . . 106n may be accessed from the edge 
objects 108a ... 108n. Further, information on the Zones in 
a fabric 4a, 4b, 4c represented by fabric object 102a may be 
determined from the Zone objects 110a . . . 110 referenced 
by the fabric object 102. 
0029. With the graph topology of FIG. 3, all the graph 
nodes may have the same data Structure format even though 
the graph nodes may represent different types of devices and 
devices from different vendors. Further, the graph nodes 
106a ... 106.n may represent a contained component that is 
a Subcomponent of a larger composite component, i.e., a port 
in an adaptor (e.g., HBA) or Switch. Each of the SAN 100, 
fabric 102a . . . 102n, physical graph 104, node 106a . . . 
106n, and Zone 110a . . . 110n objects provide information 
on the object type that would be useful to an administrator 
of the SAN 2. For instance, the Zone objects 110a ... 110n 
may include information identifying the Zone, its Security 
level, etc. 

0030 FIG. 4 illustrates the information maintained in the 
raw node objects 120 generated by the node mapper 38. 

0031) Raw Node Reference 150: uniquely identifies 
the raw node. 

0032 Parent Reference 152: references a parent raw 
node representing a composite SAN component 
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physically or logically containing the component 
represented by the current raw node. 

0033 Child References 154: comprises one or more 
references to raw nodes that represent SAN compo 
nents physically or logically contained within the 
composite SAN component represented by the cur 
rent raw node, i.e., child raw nodes, if there are Such 
components contained within the current compo 
nent. 

0034). Attached Node 156: if the current raw node 
150 represents a port component, then the attached 
node 156 may represent the port(s), if any, to which 
the current node connects in the SAN 2. 

0035). Node Type 158: indicates the type of compo 
nent represented by the raw node, i.e., Storage Sys 
tem, Switch, Switch port, port, Zone, HBA, fabric, 
etc. 

0036) Device Information 160: provides additional 
information on the component represented by the 
raw node, Such as the name of the device, Vendor, 
model, port number, World Wide Name (WWN), etc. 

0037 Node Status 162: Indicates the current state of 
the device or component represented by the node, 
Such as available, failed, unavailable, etc. 

0038 FIG. 5 illustrates fields in the graph nodes 106a . 
... 106n that are generated from the raw nodes for the SAN 
components. The graph nodes 106a . . . 106n include: 

0039 Graph Node Reference 170: uniquely identi 
fies the graph node. 

0040 Parent Reference 172: references a parent 
graph node for the graph node, if there is Such a 
parent, where the parent graph node represents a 
composite SAN component that physically or logi 
cally contains the SAN component represented by 
the current graph node. 

0041 Child References 174: comprises one or more 
references to graph nodes that represent SAN com 
ponents physically or logically contained within the 
composite SAN component represented by the cur 
rent graph node, i.e., child graph nodes, if there are 
Such components contained within the current com 
ponent. 

0042. Reference to Raw Node 176: provides a ref 
erence to the raw node that represents the same SAN 
component represented by the current graph node, 
where the graph nodes are generated from the raw 
nodes. 

0043. Node Type 178: indicates the type of compo 
nent represented by the graph node, i.e., Storage 
System, Switch, Switch port, Zone, HBA, fabric, etc. 

0044) Input Edge Object 180: references an edge 
object 108a . . . 108n indicating a physical connec 
tion to another SAN component where data flows 
from the other SAN component indicated in the input 
edge object 180 to the component represented by the 
graph node, if there is Such a physically connected 
SAN component. 
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004.5 Output Edge Object 182: references an edge 
object 108a . . . 108n indicating a physical connec 
tion to another SAN component where data flows 
from the SAN component represented by the graph 
node to the other SAN component indicated in the 
input edge object 180, if there is such a physically 
connected SAN component. 

0046. Other Information 184: provides additional 
information on the SAN component represented by 
the graph node, Such as the name of the device, 
vendor, model, port number, World Wide Name 
(WWN), etc. Such information, if provided, may 
comprise a Subset or all of the device information 
160 included in the raw node 120 (FIG. 4). 

0047 FIG. 6 illustrates the fields maintained in the fabric 
objects 102a . . . 102n, including: 

0048 Fabric Reference 190: uniquely identifies the 
fabric object. 

0049 Reference to Graph Object 192: references the 
graph object 104 for the fabric represented by the 
fabric object that, in turn, references graph nodes 
106a ... 106n representing SAN components in the 
fabric. 

0050 Zone Object Reference(s) 194: references 
Zero or more Zone objects that each represent a Zone 
included in the fabric. 

0051 Fabric Information 196: this is an optional one 
or more fields that may provide additional informa 
tion on the fabric. 

0.052 FIG. 7 illustrates fields included in the edge 
objects 108a . . . 108n that represent a physical connection 
and direction of data flow between two SAN ports repre 
sented by two or more graph nodes 106a ... 106n, including: 

0053 Edge Reference 200: uniquely identifies the 
edge object 108a ... 108n in the graph topology 44. 

0054 Head Graph Node 202: provides a reference to 
the graph node representing one SAN port physically 
connected to another SAN port. 

0055 Tail Graph Node 204: provides a reference to 
the graph node representing the SAN port physically 
connected to the port represented by the head graph 
node 202. Nodes are designated head or tail to 
indicate the direction of data flow, where data flows 
from the port represented by the head graph node to 
the port represented by the tail graph node. Two edge 
objects may be used to represent bidirectional com 
munication of data between two ports represented by 
two nodes node. 

0056 FIG. 8 illustrates fields included in the Zone 
objects 110a . . . 110n providing references to Switch ports 
in a Zone of a fabric, including: 

0057 Zone Reference 210: uniquely identifies the 
Zone object in the graph topology 44. 

0.058 Graph Node References 212: provides refer 
ences to the one or more graph nodes representing 
Switch ports included in the Zone. 
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0059) Zone Name and Other Info 214: Provides a 
name or identifier of the Zone in the fabric and may 
include additional information, Such as a reference to 
the fabric object 102a ... 102n containing the Zone. 

0060 FIG. 9 illustrates data structures used by the topol 
ogy engine 36 components to generate the graph topology 
42. The node mapper 38 generates a raw node map 250 that 
is used by the graph engine 42 to generate the graph 
topology 44. The graph engine 42 generates a fabric map 
252, composite map 254, fabric child map 256, transform 
map 258, and Zone map 260 that are used, in the manner 
described below, when generating the graph topology 44. 
These maps 250, 252, 254, 256, 258, and 260 may be 
maintained in a memory area used by the topology engine 
36. 

0061 FIG. 10 illustrates logic implemented in the node 
mapper 38 to generate raw nodes from the SAN component 
information maintained in the device database 34. Control 
begins at block 300 with the node mapper 38 accessing the 
SAN component data from the device database 34 on SAN 
components, including hosts, host bus adaptors (HBAS), 
Storage Systems, fabrics, Switches, Zones, ports, etc. For each 
valid component iindicated in the device database, the node 
mapper 38 performs a loop between blocks 302 and 308, 
where a valid component comprises a component to be 
represented in the graph topology 44, Such as hosts, hostbus 
adaptors (HBAS), Storage Systems, fabrics, Switches, Zones, 
ports, etc. At block 304, the node mapper 38 generates a raw 
node object 120 for the component i and a raw node 
reference 150 for the raw node 120. Component information 
is extracted (at block 306) from the device database for 
component i and added to the device information field 160 
of the generated raw node, Such as component name, Vendor, 
model, port number, World Wide Name (WWN), etc. 
0062). From block 310 through 318, the node mapper 38 
performs a loop for each generated raw node. If (at block 
312) the component represented by raw node i is logically or 
physically contained within another composite SAN com 
ponent, then the node mapper 38 adds (at block 314) a 
reference to the parent raw node for raw node i to the parent 
raw node representing the composite SAN component con 
taining the component represented by raw node i in the 
parent reference field 152 (FIG. 4) and adds (at block 316) 
the reference to the generated raw node 120 to a raw node 
map 250. Control then returns (at block 318) back to block 
310 to process the next generated raw node 120. 
0063. After generating raw nodes for all valid compo 
nents in the SAN, the node mapper 38, for each raw node 
indicated in the raw node map 250, adds (at block 320) a 
reference to the raw node in the parent reference 152 of the 
child raw nodes, indicated in the child references field 154. 
The node mapper 38 then accesses (at block 322) informa 
tion from the device database 34 on the connected ports and, 
for each pair of connected ports, adds (at block 324) 
references in the attached node field 156 of the raw nodes of 
each connected port the reference to the raw node repre 
senting the remote port. The result of the logic of FIG. 9 is 
a set of raw nodes 40, one for each of certain valid SAN 
components indicated in the device database 34. 
0064 FIGS. 11-17 illustrates logic implemented in the 
graph engine 42 to transform the content of the raw nodes 40 
into a graph topology 44 including a set of interrelated graph 
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objects representing the SAN components, Such as shown in 
FIG. 3. In FIGS. 11 and 12, the graph engine 42 assembles 
the fabric objects 102a . . . 102n representing fabric com 
ponents and begins assembling the graph nodes for the 
children of the fabric 102a . . . 102n, such as Switches, 
Switch ports, Zones. With respect to FIG. 11, the graph 
engine 42 gathers (at block 350) the raw nodes 40. For each 
raw node i indicated in the raw node map 250, a loop is 
performed at blocks 352 to 364. If (at block 354), the raw 
node i type 158 (FIG. 4) is a fabric, then a reference to raw 
node i is added (at block 356) to a fabric map 252 and the 
reference to raw node i is removed (at block 358) from the 
raw node map 250 and added to a composite map 254. The 
composite map 254 indicates raw nodes representing com 
posite components logically or physically containing SAN 
components. 

0065. If (at block 354) raw node i does not represent a 
fabric component, but is (at block 360) of type switch, 
Switch port or Zone, then a reference to raw node i is added 
(at block 362) to a fabric child map 256, indicating the 
children of a fabric component, and the reference to raw 
node i is removed (at block 358) from the raw node map 250. 
A separate fabric child map 256 may be provided for each 
fabric indicated in the fabric map 252. 
0.066 The graph engine 42 then performs a loop at blocks 
380 through 388 to generate a fabric object 102a ... 102n 
for each raw node j representing a fabric in the fabric map 
252. At block 382, the graph engine 42 generates a fabric 
object 102a ... 102n including a fabric reference 190 (FIG. 
6), and optionally may include additional information on the 
fabric from the device info field 160 of raw node j. A graph 
object 104 is generated (at block 384) for the generated 
fabric object and a reference to Such graph object is added 
to field 192 of the fabric object 102a ... 102n generated for 
raw nodej. The reference to the generated fabric object 102a 
... 102n is then removed (at block 386) from the fabric map 
252. 

0067. With respect to FIG. 12, the graph engine 42 
performs a loop at blocks 400 through 408 for each raw node 
k in the fabric child map 256. If (at block 402) the raw node 
k type 158 (FIG. 4) indicates a Zone, then a reference 150 
to raw node k is added (at block 406) to a Zone map 260 
providing a list of all raw nodes representing Zones, where 
a different Zone map 260 may be provided for each fabric to 
indicate the Zones in that fabric. Otherwise, if the raw node 
k does not represent a Zone, then it must represent a Switch 
or Switch port, which are the other possible children of a 
fabric component. If (at block 402) raw node k is not a Zone, 
then the graph engine 42 calls the transform operation, 
whose logic is shown in FIG. 15 to generate a graph node 
106a . . . 106n for each raw node k in the fabric child map 
256 representing a Switch or Switch port. 

0068 FIG. 13 illustrates the operations the graph engine 
42 performs to call (at block 420) the transform operation, 
represented in FIG. 15, to generate a graph node 106a . . . 
106n for all raw nodes remaining in the raw node map 250 
that represent possible orphan components, i.e., SAN com 
ponents not attached to another component, in either a fabric 
or Direct Attached Storage (DAS) arrangement. These gen 
erated graph nodes may later be associated with a fabric 
object 102a . . . 102n or DAS graph 112 upon discovering 
a connection from the component represented by the graph 
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node generated at block 420 to a SAN component repre 
sented by a graph node 106a . . . 106n associated with a 
graph object 104 or component represented by a graph node 
114a . . . 114n associated with a DAS graph 112. 
0069 FIG. 14 illustrates operations the graph engine 42 
performs to process raw nodes representing composite SAN 
components in the composite map 254 to generate graph 
nodes 106a . . . 106n for the components contained in the 
composite SAN components. A loop is performed at blockS 
450 through 456 for each raw node m indicated in the 
composite map 254. At block 452 a determination is made 
of all child raw nodes, if any, indicated in the child refer 
ences 154 (FIG. 4) of raw node m. The graph engine 42 calls 
the transform operation, represented in FIG. 15, to generate 
a graph node 106a ... 106n for each determined child raw 
node. Note that a component that is contained in a composite 
component may itself also contain components, Such as a 
host bus adaptor (HBA) that is both contained in a host 
System and contains port components. 
0070 FIG. 15 illustrates the operations performed by the 
transform operation that the graph engine 42 calls to trans 
form a raw node representing a SAN component into a graph 
node. Upon receiving (at block 500) the transform call to 
transform a raw node, a graph node 106a . . . 106n is 
generated (at block 502) for the raw node including a graph 
node reference 170 (FIG. 5), a reference 176 to the raw node 
from which the graph node is being generated, type infor 
mation in field 178, and optionally may include additional 
device information from field 160 in the raw node being 
transformed. If the raw node being transformed comprises a 
composite node, i.e., is a SAN component logically or 
physically containing other contents, i.e., references raw 
nodes in the child references field 154, then a reference to 
the raw node being transformed is added (at block 504) to 
the composite map 254 (to allow for transformation of the 
contained components during the assemble composites 
phase shown in FIG. 14) and removed from the raw node 
map 250. If (at block 506) the fabric including the SAN 
component represented by the raw node can be determined, 
assuming the raw node is contained within a SAN fabric, 
then the fabric including the raw node is determined (at 
block 508) and the graph object 104 indicated in the graph 
object reference field 192 (FIG. 6) is determined (at block 
510). The graph engine 42 would then add (at block 512) a 
reference to the generated graph node 106a ... 106n, to the 
graph node 104. The reference to the transformed raw node 
is removed from the raw node map 250 and a reference to 
the generated graph node 106a . . . 106n is added to the 
transform map 258. Control then returns (at block 516) to 
the caller that initiated the transform operation shown in 
FIG. 15. 

0071 FIG. 16 illustrates operations the graph engine 42 
performs to assemble edge objects 108a ... 108n providing 
information on physical connections of SAN components 
represented by graph nodes 106a . . . 106n. A loop is 
performed from blocks 550 through 576 for each graph node 
p indicated in the transform map 258. If (at block 552) the 
graph node p type, indicated in field 178, is a Switch port, 
then from the raw node for graph node p, indicated in raw 
node reference field 176 of the graph node 106a ... 106n, 
the graph engine 42 determines the one or more raw node 
references to SAN components represented by the attached 
graph nodes indicated in the attached node field 156 (FIG. 
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4). A nested loop is then performed at blocks 556 through 
576 for each determined attached raw node reference q 
representing a component attached to the component repre 
sented by graph node p. At block 558, the graph engine 42 
determines the attached graph node 106a ... 106n generated 
from the raw node q, which would be the graph node 106a 
... 106n including the reference to raw node q in reference 
field 176 (FIG. 5). An edge object 108a . . . 108n is 
generated (at block 560) having references to graph node p 
and the determined attached graph node in fields 202 and 
204 (FIG. 7). 
0072 The graph engine 42 then determines (at block 562) 
from the parent reference 172 (FIG. 5) the parent of the 
determined attached graph node, which may comprise a 
reference to another graph node 106a ... 106n. If (at block 
564) the parent graph node type, indicated in field 178 (FIG. 
5), is a storage System or device, then the data flows from 
graph node p to the determined attached graph node. In Such 
case, the graph engine 42 sets (at block 566) in the generated 
edge object the head graph node 202 to graph node p and the 
tail graph node 204 to the attached graph node. Further, in 
graph node p, the output edge object 182 is set (at block 568) 
to the generated edge object and in the attached graph node, 
the input edge object 180 is Set to the generated edge object. 
Otherwise, if (at block 564) the parent graph node type is not 
a Storage System, then data flows from the determined 
attached graph node to graph node p. In Such case, the graph 
engine 42 sets (at block 570) in the generated edge object the 
head graph node 202 to the attached graph node and the tail 
graph node 204 to graph node p. Further, in graph node p, 
the input edge object 180 is set (at block 572) to the 
generated edge object and in the attached graph node, the 
output edge object 182 is Set to the generated edge object. 

0073) If (at block 552) the graph node p is not a switch 
port, then the graph node 42 would add (at block 578) the 
graph node p to a Direct Attached Storage (DAS) graph 112 
(FIG.3) if the graph node p is a hostbus adaptor (HBA) and 
the attached SAN component represented by an attached 
graph node is contained in a storage device, indicating that 
graph node p represents a host port directly connected to a 
Storage System. 

0074. One result of the logic of FIG. 16 is that graph 
nodes are generated for any SAN component logically or 
physically contained within a composite SAN component, 
whether the composite SAN component is attached to a 
fabric port or a DAS. 
0075 FIG. 17 illustrates operations performed by the 
graph engine 42 to generate Zone objects 110a ... 110n that 
reference graph nodes 106a . . . 106n representing SAN 
components that are contained within Zones. A loop is 
performed for each raw node r in the Zone map 260 from 
blocks 600 through 610. At block 602, the graph engine 42 
generates a Zone object 110a . . . 110n that includes a Zone 
reference 210 (FIG. 8). A determination is made (at block 
604) of the fabric object 102a . . . 102n representing the 
fabric indicated in the parent field of raw node r, because the 
parent of a Zone is a fabric. The graph engine 42 then adds 
(at block 606) a reference to the generated Zone object 110a 
. . . 110n in the Zone object references field 194 of the 
determined fabric object 102a ... 102n. For each child raw 
node indicated in the child field 154 of raw node r (which 
child raw nodes would represent Switch ports), the graph 
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engine 42 determines (at block 608) the corresponding graph 
node having the child raw node reference in field 176 (FIG. 
5) and adds a reference to the determined graph node 106a 
... 106n to the generated Zone object 110a ... 110n, as that 
determined graph node represents a Switch port within the 
ZOC. 

0076) The result of the logic of FIG.17 is that each fabric 
object 102a ... 102n representing a SAN fabric references 
Zone objects 110a . . . 110n representing Zones within that 
fabric, where the Zone objects 110a ... 110n reference graph 
nodes representing the Switch ports contained within the 
ZOC. 

0077. After the graph topology 44 is generated, the 
content of the topology may be Stored in a database or any 
other file or data Structure in a computer readable medium. 
The graph topology 44 content may be refreshed whenever 
any change is detected to the device database 34 (FIG. 2) 
indicating a possible change to the SAN2 architecture. Such 
a modification would trigger the node mapper 38 to regen 
erate the raw nodes 40, which are then provided to the graph 
engine 42 to process and generate the graph topology 44. 
0078. The graph interface 46 may provide a set of inter 
faces, Such as methods or user interface controls, that allow 
a user to access information from any of the objects, or 
transfer the topology objects to obtain information on any 
components contained within the component represented by 
a particular object. For instance, FIG. 18 illustrates rendered 
output 650, which may be rendered on a display device or 
tangible medium, Such as paper, that is generated by running 
a program that seeks to access all SAN components within 
a Selected Zone of a particular fabric, where the components 
in the selected Zone, including Switch 654b and attached 
hosts 652b, 652c and storage 656a, 656b, 656d, are shown 
darker than the components in Zones other than the Selected 
Zone, including Switch 654a and attached hosts 652a and 
storage 656c. 
007.9 FIG. 19 illustrates operations the graph interface 
46 performs with respect to the graph topology 44 to render 
the output 650 shown in FIG. 18. Control begins at block 
700 upon initiating an operation to render output showing 
the host, Switch, and Storage components within a Selected 
fabric and Zone of the fabric. At block 700, the graph 
interface 46 determines (at block 702) the fabric object 102a 
... 102n representing the Selected fabric and determines (at 
block 704) the graph object 104 referenced in field 192 
(FIG. 6) of the determined fabric object 102a ... 102n. The 
graph interface 46 determines (at block 706) the graph nodes 
106a ... 106n referenced in the determined graph object 104 
that represent Switches, hosts and Storages, i.e., have type 
fields 178 (FIG. 5) indicating Switch, host, storage. From 
child references 174 (FIG.5) for graph nodes 106a ... 106n 
representing hosts, a determination is made (at block 708) of 
graph nodes representing hostbus adaptors (HBAS), i.e., of 
type 178 HBA, and from the child references 174 for the 
graph nodes representing HBAS, a determination is made of 
graph nodes indicated as child references 174 of HBA graph 
nodes, which represent host ports. At block 710, the graph 
interface 46 further determines from the child references for 
determined graph nodes representing Switches, the graph 
nodes representing Switch ports. 

0080. The graph interface 46 then determines (at block 
712) edge objects 108a . . . 108n referenced in the deter 



US 2004/0022200 A1 

mined graph object 104 that reference a graph node pair 202, 
204 (FIG. 7) representing one determine host port and one 
determined Switch port. For each determined edge object 
108a ... 108n, a line is then rendered (at block 716) from 
a host image 652a, 652b, 652c (FIG. 18) representing the 
host including the host port indicated in the edge object to 
a Switch image 654a, 654b representing the Switch including 
the Switch port indicated in the edge object. The graph 
interface 46 further determines (at block 718), from child 
references in graph nodes representing Storage, the graph 
nodes representing Storage ports. A determination is then 
made (at block 720) of edge objects 108a . . . 108n 
referencing one graph node representing a determined Stor 
age port and one graph node representing a determined 
Switch port. For each edge object determined at block 720, 
a line is rendered (at block 722) from a storage image 656a, 
656b, 656c., 656d (FIG. 18) representing the storage includ 
ing the Storage port indicated in the edge object to a Switch 
image 654a, 654b representing the Switch including the 
Switch port indicated in the edge object. 

0081) To render the Zone information in the output 650 
shown in FIG. 18, the graph interface 46 would determine 
(at block 724) the Zone object 110a ... 110n referenced by 
the fabric object representing the Selected Zone. A determi 
nation is then made (at block 726) of all graph nodes 106a 
... 106n referenced by the determined Zone object 110a . . 
. 110n, in field 212 (FIG. 8), which represent switch ports in 
the Selected Zone. The graph interface 46 then renders (at 
block 728) all SAN components connected to switch ports 
represented by determined graph nodes 106a . . . 106n 
referenced by the determined Zone object 110a . . . 110n in 
a different manner than SAN components connected to 
Switch ports that are not referenced by the determined Zone 
object. For instance, in the output 650 in FIG. 18, the 
components 652b, 652c, Switch 654b, and storage 656a, 
656b, 656d within the selected Zone are rendered in a 
different manner than the components 652a, 654a, 656c 
outside of the Selected Zone. Alternatively, if no Zone was 
Selected when the graph interface 42 was invoked, then all 
the host, Switch, and Storage components in the Selected 
fabric would be rendered in the same manner, without Zone 
distinctions. 

0082) Numerous other algorithms and techniques may be 
used to traverse the nodes in the graph topology 44 to 
determine any level of component, e.g., port, adaptor, Stor 
age, host, Switch, within any fabric in the SAN. Further, 
upon displaying composite components at one level, e.g., 
such as the hosts, Switches, and storages shown in FIG. 18, 
Selection of a particular composite component may cause the 
rendering of Subcomponents within a Selected composite 
component by accessing child references in the graph node 
representing the Selected composite component. For 
instance, Selection of a host may cause the graph interface 46 
to render information on host bus adaptor (HBA) compo 
nents and ports therein by traversing the children graph 
nodes, representing HBAS, of the graph node representing 
the Selected composite host, and then traversing the children 
graph nodes of the HBA graph node representing ports. 

0083) Numerous other functions may be used to traverse 
the object topology to access and render information at any 
level of the topology. 
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Additional Implementation Details 
0084. The described techniques for maintaining informa 
tion on network components may be implemented as a 
method, apparatus or article of manufacture using Standard 
programming and/or engineering techniques to produce 
Software, firmware, hardware, or any combination thereof. 
The term “article of manufacture” as used herein refers to 
code or logic implemented in hardware logic (e.g., an 
integrated circuit chip, Programmable Gate Array (PGA), 
Application Specific Integrated Circuit (ASIC), etc.) or a 
computer readable medium, Such as magnetic Storage 
medium (e.g., hard disk drives, floppy disks, tape, etc.), 
optical Storage (CD-ROMs, optical disks, etc.), Volatile and 
non-volatile memory devices (e.g., EEPROMs, ROMs, 
PROMs, RAMs, DRAMs, SRAMs, firmware, program 
mable logic, etc.). Code in the computer readable medium is 
accessed and executed by a processor. The code in which 
preferred embodiments are implemented may further be 
accessible through a transmission media or from a file Server 
over a network. In Such cases, the article of manufacture in 
which the code is implemented may comprise a transmission 
media, Such as a network transmission line, wireless trans 
mission media, Signals propagating through Space, radio 
waves, infrared Signals, etc. Of course, those skilled in the 
art will recognize that many modifications may be made to 
this configuration without departing from the Scope of the 
present invention, and that the article of manufacture may 
comprise any information bearing medium known in the art. 
0085. The described implementations discussed main 
taining information on components within a SAN. However, 
those skilled in the art will appreciate that the device 
management techniques described herein may be utilized to 
maintain information on components within any network 
environment known in the art. 

0086 The described implementations provided a topol 
ogy and object architecture for maintaining information on 
different components in a SAN network. An alternative 
object architecture may be provided, Such that component 
information described as included in different objects may 
be merged in a Single object or component information 
described as included in a single object may be distributed 
acroSS multiple objects. 
0087. The illustrated logic of FIGS. 10-17 and 19 shows 
certain events occurring in a certain order. In alternative 
implementations, certain operations may be performed in a 
different order, modified or removed. Morever, steps may be 
added to the above described logic and still conform to the 
described implementations. Further, operations described 
herein may occur Sequentially or certain operations may be 
processed in parallel. Yet further, operations may be per 
formed by a Single processing unit or by distributed pro 
cessing units. 
0088 FIG. 20 illustrates one implementation of a com 
puter architecture 800 of the SAN components and systems 
shown in FIGS. 1 and 2. The architecture 800 may include 
a processor 802 (e.g., a microprocessor), a memory 804 
(e.g., a volatile memory device), and storage 806 (e.g., a 
non-volatile Storage, Such as magnetic disk drives, optical 
disk drives, a tape drive, etc.). The Storage 806 may com 
prise an internal Storage device or an attached or network 
accessible Storage. Programs in the Storage 806 are loaded 
into the memory 804 and executed by the processor 802 in 
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a manner known in the art. The architecture further includes 
a network card 808 to enable communication with a net 
work. An input device 810 is used to provide user input to 
the processor 802, and may include a keyboard, mouse, 
pen-stylus, microphone, touch Sensitive display Screen, or 
any other activation or input mechanism known in the art. 
An output device 812 is capable of rendering information 
transmitted from the processor 802, or other component, 
Such as a display monitor, printer, Storage, etc. The forego 
ing description of various implementations of the invention 
has been presented for the purposes of illustration and 
description. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed. Many modifications 
and variations are possible in light of the above teaching. It 
is intended that the scope of the invention be limited not by 
this detailed description, but rather by the claims appended 
hereto. The above Specification, examples and data provide 
a complete description of the manufacture and use of the 
composition of the invention. Since many embodiments of 
the invention can be made without departing from the Spirit 
and Scope of the invention, the invention resides in the 
claims hereinafter appended. 

What is claimed is: 
1. A computer implemented method for providing infor 

mation on components within a network, comprising: 
providing a grouping indicating interconnected compo 

nents, 

providing component objects representing the intercon 
nected components, wherein at least one component 
object represents a composite component including at 
least one contained component, wherein each contained 
component is represented by one component object, 
wherein relationship information indicates a relation 
ship between each component object representing one 
composite component and the component objects rep 
resenting contained components included in the com 
posite component; 

providing connection objects indicating connections 
between components represented by component 
objects, and 

processing the component objects, the relationship infor 
mation, and the connection objects to generate output 
information indicating an arrangement of at least one 
component within the network. 

2. The method of claim 1, further comprising: 
providing a grouping object representing the grouping, 

wherein the grouping object is associated with the 
component objects representing the interconnected 
components. 

3. The method of claim 2, further comprising: 
providing a plurality of grouping objects for a plurality of 

groupings, wherein each grouping indicates intercon 
nected components Such that there is no connection 
between components in different groupings, and 
wherein the grouping object for each grouping is asso 
ciated with the component objects representing the 
interconnected components in the grouping. 

4. The method of claim3, wherein the grouping represents 
a fabric comprised of at least one Switch interconnecting 
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host Systems and Storage Systems, and wherein one compo 
nent object is provided for each Switch, host System, and 
Storage System in the fabric. 

5. The method of claim 4, wherein the Switches, host 
Systems, and Storage Systems comprise composite compo 
nentS. 

6. The method of claim 5, wherein ports within the 
Switches, host Systems, and Storage Systems comprise con 
tained components represented by component objects, and 
wherein the relationship information associates the compo 
nent objects representing the ports with the components 
objects representing the composite components that include 
the ports. 

7. The method of claim 1, further comprising: 
providing at least one Zone object for each Zone in the 

grouping of interconnected components, wherein each 
Zone object references component objects representing 
components within the Zone. 

8. The method of claim 7, wherein the grouping represents 
a fabric comprised of at least one Switch interconnecting 
host Systems and Storage Systems, wherein one component 
object is provided for each Switch, host System, Storage 
System, and ports in the fabric, wherein each component 
object referenced by each Zone object represents a Switch 
port in the Zone. 

9. The method of claim 1, wherein the connection object 
indicates a direction of data flow for the connection indi 
cated in the connection object. 

10. The method of claim 1, wherein the relationship 
information is implemented by including in each component 
object representing a contained component a reference to the 
component object representing the composite component 
containing the contained component. 

11. The method of claim 1, wherein the relationship 
information is implemented by including in each component 
object representing a composite component a reference to 
the component objects representing the contained compo 
nents contained within the composite component. 

12. The method of claim 1, wherein one component object 
representing a component that contains components and that 
is contained within one composite component includes 
relationship information that references the component 
object representing the containing component and refer 
ences the component objects representing the contained 
component objects. 

13. The method of claim 1, wherein the contained com 
ponents are either physically or logically contained within 
the composite component. 

14. A System for providing information on components 
within a network, comprising: 
means for providing a grouping indicating interconnected 

components, 

means for providing component objects representing the 
interconnected components, wherein at least one com 
ponent object represents a composite component 
including at least one contained component, wherein 
each contained component is represented by one com 
ponent object, wherein relationship information indi 
cates a relationship between each component object 
representing one composite component and the com 
ponent objects representing contained components 
included in the composite component; 
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means for providing connection objects indicating con 
nections between components represented by compo 
nent objects, and 

means for processing the component objects, the relation 
ship information, and the connection objects to gener 
ate output information indicating an arrangement of at 
least one component within the network. 

15. The system of claim 14, further comprising: 
means for providing a grouping object representing the 

grouping, wherein the grouping object is associated 
with the component objects representing the intercon 
nected components. 

16. The system of claim 15, further comprising: 
means for providing a plurality of grouping objects for a 

plurality of groupings, wherein each grouping indicates 
interconnected components Such that there is no con 
nection between components in different groupings, 
and wherein the grouping object for each grouping is 
asSociated with the component objects representing the 
interconnected components in the grouping. 

17. The System of claim 16, wherein the grouping repre 
Sents a fabric comprised of at least one Switch interconnect 
ing host Systems and Storage Systems, and wherein one 
component object is provided for each Switch, host System, 
and Storage System in the fabric. 

18. The system of claim 14, further comprising: 
means for providing at least one Zone object for each Zone 

in the grouping of interconnected components, wherein 
each Zone object references component objects repre 
Senting components within the Zone. 

19. The system of claim 14, wherein the connection object 
indicates a direction of data flow for the connection indi 
cated in the connection object. 

20. An article of manufacture for providing information 
on components within a network, wherein the article of 
manufacture causes operations to be performed, comprising: 

providing a grouping indicating interconnected compo 
nents, 

providing component objects representing the intercon 
nected components, wherein at least one component 
object represents a composite component including at 
least one contained component, wherein each contained 
component is represented by one component object, 
wherein relationship information indicates a relation 
ship between each component object representing one 
composite component and the component objects rep 
resenting contained components included in the com 
posite component; 

providing connection objects indicating connections 
between components represented by component 
objects, and 

processing the component objects, the relationship infor 
mation, and the connection objects to generate output 
information indicating an arrangement of at least one 
component within the network. 

21. The article of manufacture of claim 20, further com 
prising: 

providing a grouping object representing the grouping, 
wherein the grouping object is associated with the 
component objects representing the interconnected 
components. 
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22. The article of manufacture of claim 21, further com 
prising: 

providing a plurality of grouping objects for a plurality of 
groupings, wherein each grouping indicates intercon 
nected components Such that there is no connection 
between components in different groupings, and 
wherein the grouping object for each grouping is asso 
ciated with the component objects representing the 
interconnected components in the grouping. 

23. The article of manufacture of claim 22, wherein the 
grouping represents a fabric comprised of at least one Switch 
interconnecting host Systems and Storage Systems, and 
wherein one component object is provided for each Switch, 
host System, and Storage System in the fabric. 

24. The article of manufacture of claim 23, wherein the 
Switches, host Systems, and Storage Systems comprise com 
posite components. 

25. The article of manufacture of claim 24, wherein ports 
within the Switches, host Systems, and Storage Systems 
comprise contained components represented by component 
objects, and wherein the relationship information associates 
the component objects representing the ports with the com 
ponents objects representing the composite components that 
include the ports. 

26. The article of manufacture of claim 20, further com 
prising: 

providing at least one Zone object for each Zone in the 
grouping of interconnected components, wherein each 
Zone object references component objects representing 
components within the Zone. 

27. The article of manufacture of claim 26, wherein the 
grouping represents a fabric comprised of at least one Switch 
interconnecting host Systems and Storage Systems, wherein 
one component object is provided for each Switch, host 
System, Storage System, and ports in the fabric, wherein each 
component object referenced by each Zone object represents 
a Switch port in the Zone. 

28. The article of manufacture of claim 20, wherein the 
connection object indicates a direction of data flow for the 
connection indicated in the connection object. 

29. The article of manufacture of claim 20, wherein the 
relationship information is implemented by including in 
each component object representing a contained component 
a reference to the component object representing the com 
posite component containing the contained component. 

30. The article of manufacture of claim 20, wherein the 
relationship information is implemented by including in 
each component object representing a composite component 
a reference to the component objects representing the con 
tained components contained within the composite compo 
nent. 

31. The article of manufacture of claim 20, wherein one 
component object representing a component that contains 
components and that is contained within one composite 
component includes relationship information that references 
the component object representing the containing compo 
nent and references the component objects representing the 
contained component objects. 

32. The article of manufacture of claim 20, wherein the 
contained components are either physically or logically 
contained within the composite component. 

33. A memory device including data Structures for pro 
Viding information on components within a network, 
wherein the data Structures comprise: 
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a grouping indicating interconnected components, 
component objects representing the interconnected com 

ponents, wherein at least one component object repre 
Sents a composite component including at least one 
contained component, wherein each contained compo 
nent is represented by one component object, wherein 
relationship information indicates a relationship 
between each component object representing one com 
posite component and the component objects represent 
ing contained components included in the composite 
component, 

connection objects indicating connections between com 
ponents represented by component objects, wherein the 
component objects, the relationship information, and 
the connection objects are processed to generate output 
information indicating an arrangement of at least one 
component within the network. 

34. The memory device of claim 33, further comprising: 
a grouping object representing the grouping, wherein the 

grouping object is associated with the component 
objects representing the interconnected components. 

35. The memory device of claim 34, further comprising: 
a plurality of grouping objects for a plurality of groupings, 

wherein each grouping indicates interconnected com 
ponents Such that there is no connection between 
components in different groupings, and wherein the 
grouping object for each grouping is associated with 
the component objects representing the interconnected 
components in the grouping. 

36. The memory device of claim 35, wherein the grouping 
represents a fabric comprised of at least one Switch inter 
connecting host Systems and Storage Systems, and wherein 
one component object is provided for each Switch, host 
System, and Storage System in the fabric. 

37. The memory device of claim 36, wherein the Switches, 
host Systems, and Storage Systems comprise composite com 
ponents. 

38. The memory device of claim 37, wherein ports within 
the Switches, host Systems, and Storage Systems comprise 
contained components represented by component objects, 
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and wherein the relationship information associates the 
component objects representing the ports with the compo 
nents objects representing the composite components that 
include the ports. 

39. The memory device of claim 33, further comprising: 
at least one Zone object for each Zone in the grouping of 

interconnected components, wherein each Zone object 
references component objects representing components 
within the Zone. 

40. The memory device of claim 39, wherein the grouping 
represents a fabric comprised of at least one Switch inter 
connecting host Systems and Storage Systems, wherein one 
component object is provided for each Switch, host System, 
Storage System, and ports in the fabric, wherein each com 
ponent object referenced by each Zone object represents a 
Switch port in the Zone. 

41. The memory device of claim 33, wherein the connec 
tion object indicates a direction of data flow for the con 
nection indicated in the connection object. 

42. The memory device of claim 33, wherein the rela 
tionship information is implemented by including in each 
component object representing a contained component a 
reference to the component object representing the compos 
ite component containing the contained component. 

43. The memory device of claim 33, wherein the rela 
tionship information is implemented by including in each 
component object representing a composite component a 
reference to the component objects representing the con 
tained components contained within the composite compo 
nent. 

44. The memory device of claim 33, wherein one com 
ponent object representing a component that contains com 
ponents and that is contained within one composite compo 
nent includes relationship information that references the 
component object representing the containing component 
and references the component objects representing the con 
tained component objects. 

45. The memory device of claim 33, wherein the con 
tained components are either physically or logically con 
tained within the composite component. 
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